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osting by EAbstract Background: There is variability in the endpoints used with the different approaches to
pulmonary vein (PV) isolation. Elimination of PVP recorded inside the targeted PV antrum indi-
cates inlet block and is considered the 1st indicator of a successful PV isolation, however this
may not be sufﬁcient to predict non recurrence of AF.
Aim: To compare the efﬁcacy of two end points, pulmonary vein (PV) entrance block with non-
inducibility (NI) Vs achieving PV bi-directional (BD) block in terms of freedom of AF after PV iso-
lation (PVI) for paroxysmal/persistent atrial ﬁbrillation (AF).
Method: We included 58 consecutive patients (pts) who underwent PVI for symptomatic AF. In all
pts, the end point of ablation was abolishing PV potentials (PVP) in the PVs followed by testing for
bidirectional block (deﬁned by both loss of PVP and failure to conduct to the LA by pacing at
10 mA and from 10 bipolar pairs of electrodes on a circular catheter positioned at the entrance
of the PV) and/or NI of AF (by burst atrial pacing).
Results: Bidirectional block was achieved in 40 patients (69%) while Non inducibility was achieved
in 36 (58.5%) patients with an overlap of achieving both endpoints in 18 (31%) patients. Over a
follow up period of 17 ± 11 months, 34 pts (85%) in group I Vs 22 (62%) in group II were freeil.com (S.H. Zaky).
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54 S.H. Zaky et al.of AF. Correlation showed signiﬁcant relation between BD block (OR= 8.07, P= 0.004) Vs NI of
AF post-PVI (OR = 2.8, P= 0.095) in predicting freedom from AF at follow up.
Conclusion: Achieving BD block improves results and may predict maintenance of sinus rhythm
more than NI of AF after PVI. It can be used as an electrophysiological endpoint alternative to
or in conjunction with non inducibility in AF ablation procedures.
ª 2011 Egyptian Society of Cardiology. Production and hosting by Elsevier B.V. All rights reserved.1. Introduction
Most current ablation techniques for the treatment of atrial
ﬁbrillation (AF) have the common electrophysiological objec-
tive to achieve effective and persistent pulmonary vein isola-
tion (PVI).1–4 Speciﬁc preshaped catheters have been
developed to determine regions of electrical breakthrough dur-
ing PVI and the time at which PVI is achieved.
There is variability in the endpoints used with the different
approaches to PV isolation. The most rigorous electrophysio-
logical endpoint is demonstration of exit block from the PV in
addition to entrance block. Although entrance block has been
considered indicative of complete electrical isolation, it is not
equivalent to exit block, which is the goal in preventing PV trig-
gers from initiatingAF. Segmental PV isolation procedures gen-
erally use entrance block as an endpoint, but bidirectional
(entrance and exit) block is not routinely evaluated and has
not been compared to non inducibility of atrial ﬁbrilla-
tion + entrance block as an independent end point for the abla-
tion procedure in published studies. With anatomic CPVA,
completeness of conduction block is not routinely assessed.5–7
Aim: To compare the efﬁcacy of 2 end points, PV entrance
block with non-inducibility (NI) of AF Vs achieving PV bi-
directional (BD) block in terms of freedom of AF after PVI
for paroxysmal/persistent atrial ﬁbrillation (AF).2. Patients and methods
2.1. Study population
The study cohort included 58 consecutive patients with symp-
tomatic AF. All pts were anti-arrhythmic drug resistant, re-
ferred to Babtain Cardiac Center, Dammam, KSA for RF-
ablation in the period between September 2007 and April
2010. Fifty-four pts (93%) had paroxysmal and 4 (7%) had
persistent AF. AF was categorized according to the ACC/
AHA clinical data standards.7
We excluded pts with valvular heart disease and those with
Permanent AF which was considered when AF was chronic
more than 6 months or resistant to pharmacological or DC
cardioversion.
All patients signed a written informed consent. Antiar-
rhythmic drugs were discontinued at least 5 half-lives before
the ablation procedure. Trans-esophageal Echocardiography
was performed within a week before the procedure in all study
patients to rule out any left atrial masses while maintaining
proper anti-coagulation till the time of the procedure.
2.2. Electrophysiological procedure
All procedures were performed under local anesthesia with
conscious sedation except for 12 pts done under generalanesthesia. The setup and anesthesia protocol is mentioned
in a previous report.8 A decapolar 5 mm spaced electrode cath-
eter was positioned in the coronary sinus via a femoral venous
approach and a second electrode catheter was placed in the
right atrium. Left atrial access was obtained by one trans-sep-
tal puncture.
2.3. Protocol of RF ablation
Pulmonary veins mapping and ablation was guided by 3D non
ﬂuoroscopic mapping system (EnSite NavX, St. Jude Medi-
cal) and Pulmonary vein Electrograms were recorded during
sinus rhythm, coronary sinus pacing, or AF by deﬂectable cir-
cumferential catheter with a 10–20 pole circumferential cathe-
ter with distal ring conﬁguration with distal deﬂectable ring
diameter ranging from 15 to 25 mm positioned at the ostia
of the pulmonary veins (Lasso catheter, Biosense Webster).
Ablation catheters used were either 8 mm Tip, (Blazer, EP
Technologies) or Irrigated tip 4 mm thermo-cool catheter,
(Biosense Webster). A 35 C target temperature was chosen
for RF energy delivery through the cooled-tip catheter while
a 50 C was set as a target in case of 8 mm tip catheters and
in both a Stockert RF generator (Biosense Webster) was used.
During the procedure, systemic anticoagulation was
achieved with intravenous heparin for all patients. After a
loading dose of 100 U/kg, a standard heparin infusion of
10 U/kg/hour was initiated. Activated clotting times (ACT)
was checked at 10–15 min intervals until therapeutic anticoag-
ulation is achieved and then at 30 min intervals during the
case. The lower level of anticoagulation was maintained at
an ACT of at least 250–350 s throughout the procedure.
2.4. Ablation end points
All cases were done using both circular mapping catheters and
Nav-X system. In all pts the end point of ablationwas abolishing
PV potentials (PVP) in all PVs followed by testing for NI of AF
by burst atrial pacing up to 200 ms cycle length for 5 s frommul-
tiple atrial sites with isoproterenol infusion up to 20 lg/min) and
then for BD block (deﬁned by both loss of PVP and failure to
conduct to the LAby pacing at 10 mA and from 10 bipolar pairs
of electrodes on the circular catheter positioned at the entrance
of the PV). Special care was given to conﬁrm local capture of the
PV and conduction to the atrium before the ablation (Fig. 1) to
be compared to local capture and non conduction after the abla-
tion (Fig. 2) to prevent possible false impressions of non conduc-
tion caused by non capture.
If none of the end points was achieved at that stage, further
ablation was continued around the still conducting veins till
either of the endpoints or both were achieved. Left atrial pos-
terior wall ablation lines and submitral isthmus ablation were
performed in patients who had persistent AF whatever the ini-
tial endpoint achieved.
Figure 1 Intracardiac electrogram recording from inside pulmonary vein antrum (PV) and Coronary sinus (CS) showing conduction to
the atrium while pacing from inside the pulmonary vein antrum before the ablation.
Figure 2 Intracardiac electrogram recording from inside pulmonary vein antrum (PV) and Coronary sinus (CS) showing non conduction
to the atrium while pacing and capture inside the pulmonary vein antrum after the ablation, notice dissociation of the PV pacing from the
Cs atrial recording proving exit block.
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Patients were discharged home the day after the ablation. All
patients were discharged on oral anticoagulation with warfarin
(keeping INR at range 2.5–3.0) and one anti-arrhythmic drug(either propafenone or Amiodarone) for three months.
Patients’ follow-up for detection of recurrence in both groups
was scheduled at 1, 3, 6 and then each 6 months after ablation
and patients were asked to present to us as soon as they feel
palpitations or suspect recurrence. After 3 months,
Table 1 Patients demographics.
Group I
40 pts
(bidirectional block)
Group II
36 pts
(non inducibility)
P-value
Age (yrs) 40.6 ± 10.9 40.1 ± 13.1 NS
Male gender 21 17 NS
Duration of suﬀering from
AF recurrences (yrs)
2.8 ± 1.1 2.7 ± 1.2 NS
Paroxysmal/persistent AF 37/3 34/2 NS
Structural heart disease 9 6 NS
LA diameter (cm) 3.7 + 0.7 3.3 + 0.6 NS
LVEF 54 ± 7 53 ± 11 NS
AF, atrial ﬁbrillation; LVEF, left ventricular ejection fraction; LA, left atrium; NS, non signiﬁcant.
Table 2 Endpoints of AF ablation and recurrence rates in relation to different endpoints. BdB: bidirectional block, NI: non
inducibility.
Bidirectional block Non inducibility Both BdB Alone NI alone All patients
Number 40 36 18 22 18 58
(69%) (62%) (31%) (41%) (27.5%)
Recurrences 6 14 2 4 12 18 (31%)
(15%) (38%) (11%) (18%) (66%)
p 0.08 <0.05 0.08
56 S.H. Zaky et al.anticoagulation and anti-arrhythmic drugs were stopped un-
less patients experienced recurrence of AF. For analysis, recur-
rence of AF was deﬁned as AF occurring 8 or more weeks after
the procedure and sustained for more than 30 s.
2.6. Statistical analysis
Continuous variables are expressed as mean ± SD. Contin-
uous variables were compared by Student’s t test. Differ-
ences among groups of continuous variables were
determined by ANOVA. Categorical variables were com-
pared by X2 analysis or using Fisher’s exact test and by
Correlation analysis.3. Results
The study included 58 patients, 38 males, Age 40 ± 12 years.
There was no signiﬁcant difference between both groups as
regards age, gender, duration of AF, LA size, use of
AAD, or presence of structural heart disease as shown in
Table 1.
3.1. Pulmonary vein isolation
A total of 222 PVs in 58 patients were mapped and successfully
isolated. A common PV ostium was found in 10 cases (4 of the
right PVs and 6 of the left PVs). The mean ﬂuoroscopy time
74 ± 34 min and a mean of 11.5 ± 2 RF lesions (range 6–21
lesions) per PV were delivered to achieve complete isolation.
Bd bock was achieved in 40 patients (69%), non inducibility
of AF was fulﬁlled in 36 (62%) patients including 18 patients
(31%) with both end points achieved together. Bd block alone
was achieved in 22 (41%) patients while non inducibility of AFwith inlet bock was achieved before exit block in 18 (27.5%)
patients. The difference in achievability of the two endpoints
was non signiﬁcant. Left atrial posterior wall ablation lines
and submitral isthmus ablation were performed in 4 patients
who had persistent AF whatever the initial endpoint achieved
(2 patients in each group).
3.2. Recurrence
Over a follow up period of 17 ± 11 months, 18 pts (31%) of all
ablated patients had AF recurrence. Out of the successful pa-
tients; 85% (34 out of 40) of all patients with achieved BD block
(either alone or plus non inducibility) were free of recurrence
while among all patients with non inducibility 24 out of 36 pa-
tients (66%) were free of AF at the end of the follow up period
with a trend towards signiﬁcant difference (p. 0.08). Comparing
the recurrences among patients with only one end point fulﬁlled,
still patients with Bd block alone have numerically less recur-
rences than patients with non inducibility also with a trend to-
wards signiﬁcant difference (p. 0.08). Using correlation
analysis proved signiﬁcant correlation of Bidirectional block
with freedom from recurrence (OR = 8.07, P= 0.004) more
than non inducibility of AF (OR= 2.8, P= 0.095). Also a
signiﬁcant reduction in the rate of recurrence was noted when
patients had both endpoints fulﬁlled at the end of the ablation
procedure (Table 2).
Additional ablation lines made no difference in recurrence
among our patients being applied in similar small numbers
of both groups.
3.3. Complications
Pulmonary vein stenosis was documented in two patients who
suffered from pulmonary congestion symptoms and was
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belonged to the bidirectional block group while the other
one was among patients with achieved both endpoints.
Two patients had left atrial tachycardia during follow up
after RF ablation. These two patients originally had persistent
AF and their ablation procedure included additional left atrial
lines of ablation.4. Discussion
PV isolation has become a cornerstone for ablation of AF.1,4
Since PV isolation is an indirect method of prevention of AF
recurrence and as the mechanisms postulated to be involved
in the initiation and maintenance of AF are variable, conﬁrma-
tion of successful prevention of recurrence by ablation does
not have a straightforward endpoint. Using more strict and
variable relevant end points together may increase the proba-
bility of success conﬁrmation.9–11 This study is conducted to
compare the efﬁcacy of 2 end points, PV entrance block with
NI of AF Vs achieving PV BD block in terms of freedom of
AF after PVI.
Elimination of PVP recorded inside the targeted PV antrum
indicates inlet block and is considered the 1st indicator of a
successful PV isolation, however this may not be sufﬁcient to
prevent or to predict non recurrence of AF. Non inducibility
was used in many studies including that done by Jaı¨s et al who
found that a tailored approach using non inducibility as an
end point is effective and protects against delivery of unneces-
sary linear lesions in 57% of patients. In their study, only 12%
of non inducible patients had a change in inducibility testing
and required additional lesions during follow-up.12 However,
AF induction likely results from an interaction between the
underlying atrial substrate, the stimulation protocol, and iso-
proterenol infusion and may not be a sign of incomplete PV iso-
lation. The fact that 50% of patients with inducible AF do not
have spontaneousAFduring follow-up suggests that inmost pa-
tients, the atrial substrate is insufﬁcient to initiate and sustain
AF in the absence of potent triggers. In addition, AF clinical
recurrences were associated with PV reconnection and are effec-
tively treated with repeat isolation.13,14
In our study, overall patients with non inducibility of AF
after inlet block were still free from recurrence in 62% of the
cases after 17 ± 11 months regardless whether this was associ-
ated with achieved bidirectional block or not. These results are
comparable to the previous reports in the literature. However,
the recurrence rate was markedly increased among patients if
non inducibility was the only predictor achieved at the end
of the AF ablation procedure.
On the other hand, bi-directional block is not commonly
used as an endpoint of PV isolation. Although most reports
consider entrance block indicative of segmental isolation,5
about 40% of PVs still demonstrate conduction from PV to at-
rium after achieving entrance block. This is generally occurring
with pacing from only 1–3 of the 10 bipoles tested.15 The ﬁnd-
ing that PVs without exit block demonstrate conduction to the
atrium from only a minority of bipoles suggests that pacing
from a single site is insufﬁcient to conﬁrm exit block. In our
study we used testing by pacing from 10 bipolar pairs of elec-
trodes on the circular catheter positioned at the entrance of the
PV deeper to the ablation circle to test for bidirectional block
at the end of the procedure.16Using this technique, Essebag et al., described the value of
conﬁrming Complete isolation of all PVs by demonstration of
bi-directional block. Induction of AF by burst pacing was at-
tempted after PV isolation. Freedom from symptomatic or
asymptomatic AF (detected by event recorder or Holter mon-
itor) was present in 85% and 76% of patients at 6 and
12 months. Additional mitral isthmus or posterior left atrial
lines were performed in seven patients with inducible atrial
arrhythmias after PV isolation. Atrial tachycardia occurred
in three of these 7 patients during long-term follow-up and
in two of the 78 patients without additional ablation. Accord-
ingly, the use of bi-directional block circumferentially across
all PV ostia as an electrophysiological endpoint was suggested
to improve results of PV isolation for paroxysmal AF and may
help to avoid routine additional left atrial ablation lines
decreasing the risk of left atrial tachycardia or ﬂutter and
esophageal ﬁstula.17,18
In our study we found that using bidirectional block
(proved by pacing from the lasso catheter after elimination
of the PVPs) as an endpoint of PV isolation could predict
non recurrence in 85% of cases after 6–18 months which is
comparable to previous reports. Correlation analysis showed
signiﬁcant correlation of Bidirectional block with freedom
from recurrence more than with non inducibility of AF at
the end of the procedure. Moreover, the patients in whom both
endpoints were achieved showed the highest long term success
rate that was signiﬁcantly more than patients with non induc-
ibility alone.
These ﬁndings support the postulation that complete bidirec-
tional isolation of the PVs ismore or at least as important as non
inducibility in reducing recurrence. The importance of exit block
may be explained by the fact that the theory of AF origin from
inside the pulmonary veins depend on conduction from the PV
to the LA to initiate AF, this mechanism is not supposed to be
prevented by inlet block but rather by exit block of the PVs.
On the other hand, post ablation left atrial tachycardia compli-
cated two cases in our patients and both belonged to the 4 pa-
tients with persistent AF who had additional Lines of
ablation, similar to previous reports, which supports the possi-
ble relation of this complication to incomplete lines of ablation.5. Conclusion
Achieving BD block of the PVs improves results and may pre-
dict maintenance of sinus rhythm more than NI of AF after
PVI. It can be used as an electrophysiological endpoint alter-
native to or in conjunction with non inducibility in AF abla-
tion procedures.
6. Study limitations
The limited number of patients included in the study may have
prohibited the chance of showing a clear signiﬁcant difference
between the two end points that is why a larger scale studies
are recommended to better verify our results.References
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